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(54) Stable wavelenght division multiplex ring network 

(57) : We have recognized that in a Wavelength DivH 
siorf Miiltiplex (WDM) ring network with a closed loop, 
the pbssibility of lasing at Amplified Spontaneous Emis- 
sions (ASE) wavelengths exists. In accordance with the 
present invention, we provide a technique for protecting 
against lasing in a WDM ring network comprising a plu- 
rality of serially connected riode links, each node link 
including a segment of optical fiber and an access node 
site for adding or dropping one or more active wave- 
length channels to a transmission bandvwdth of the net- 
work. The pr6tectrc>n means changes the optical trans- 
mi^sk^n characteristbs of the transmission bandwidth of 
the network to ensure that the network loop gain at any 
wavelength is always less than the network loop toss. 



FIG, 1 
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Description 

Technical Field of the Invention 

[0001] This invention relates to Wavelength Division 5 
Multiplex (WDM) ring network and, more particularly, to 
the prevention of lasing in such WDM ring networks . 

Background of the Invention 

10 

[0002] The growth and diversity of lightwave net- 
works, such as Wavelength Division Multiplexed (WDM) 
networks are placing new demands on capacity man- 
agement and provisioning, maintenance, and reliable 
and robust operation. One type of WDM network is a 
WDM ring network which may, for examptd, Xye used for 
metropolitan area network applications. The reliability 
problem in WDM ring networks is particularly significant 
since the use of closed cyclical paths makes lasing pos- 
sible if the roundtrip optical gain exceeds the loop k^ss. 20 
The lasing affects signal channels through cross satu- 
ration and causes power variations which may reduce 
system power margins and cause false alarms in sys- 
tem channel monitoring. 

[0003] A typical WDM optical ring network includes 25 
network elements with Wavelength Add/Drop (WAD) ca- 
pability, whereby some optical channels are dropped 
and/or added while other channels are expressed, i.e., 
passed throu^. Deperiding on the technok)gy used for 
WAD elements and the network architecture, closed 30 
loops may be fomned in the WDM ring network which, 
with the Erbium-Doped Fiber Amplifiers (EDFA*s) used 
to compensate the tosses of network elements and fib- 
ers, can constitute ring laser cavities. Laser oscillations 
in the ring cavity, occurring if the round trip gain experi- 3S 
enced by Amplified Spontaneous Emissions (ASE) ex- 
ceeds the loop loss, may increase amplifier saturatton 
and introduce additional noise, which affect the perform- 
ance of optbal signal transmisston. Such effects have 
been reported by K. Bala and C. A.' Brackett, J. Light- 40 
wave Tectt, 14(1585), 1996 and by J. iness, et at, J. 
Lightwave Tech., 14(1207), 1996. 
[0004] What is needed is a technique for preventing 
these WDM ring networks from lasing. 

45 

Summav of the Invention 

[0005} We have recognized that in a Wavelength Di- 
viston Multiplex (WDM) ring network with a ctosed loop, 
the possibility of lasing at Amplified Spontaneous Emis- so 
sions (ASE) wavelengths exists. We have determined 
that depending on the structure and operating condition, 
cross saturation caused by laser may be a problem. In 
the worst case, the problem can be so severe that the 
power of some signal channels be greatly reduced, 55 
whbh will reduce system power n^rgir^ and cause 
false alamis, when channel loading m part of the ring is 
changed even though there is no fault in the ring. 



[0006] We provide a technique for protecting against 
lasing in a WDM ring network corrprising a plurality of 
serially connected node lanks, each node link including 
a segment of optk:al fiber and an access node site for 
adding or dropping one or nrxjre active wavelength chan- 
nels to a transmission bandwidth of the network. In ac- 
cordance with the present invention, protection means, 
connected to the nehwork, changes the optbal transmis- 
sion characteristics of the network to ensure that the net- 
work toop gain at any wavelength is always less than 
the network loop fc>ss. 

[0007] In one embodiment the protection means 
changes the optical transmission characteristics of an 
inactive portion of the transmission bandwidth of the net- 
work to ensure that the loop gain at that inactive portion 
is less than the loop toss. In another embodiment, the 
protection means irxiludes pump and link control. In yet 
another embodiment, the protect ton means utilizes ac- 
cess node control algorithms. 

Brief Description of the Drawing 

[0008] In the drawings. 

Fig. 1 shows a schematic of an illustrative WDM ring 
network useful in describing the operation of the 
present invention; 

Fijgs. 2a and 2b show a simplified diagram of the 
WDM ring network of FIG. 1 which shows the signal 
channels which are added and droppecj at each 
WAD tocation, where each line represeritt 4 signal 
channels and the dashed line represents 2 chan- 
nels; ' ^ 

Fig. 3 (a) illustrates the spectmm of Firf. 2(a) where 
lasing appears at two wavelengths tq^eleft of the 
three signal wavelengths when the VVbM ring net- 
work in Fig. 1 is closed; and Fig. 3(b)i shows that 
lasing is suppressed when each of the attenuators 
in the three WAD sites are increased by i dB; and 
Fig. 3(c) shows that lasing happens when A3 added 
to WAD-i is cut, as compared to the normal opera- 
tion shown in Fig 3(b); 

i' 

Fig. 4 illustrates a typtoal block diagram of a typical 
EDFA; 

Fig. 5 illustrates an illustrative ptot of g^in versus 
input power for a typical EDFA of Fig. 4; 

Fig. 6 illustrates a typical diagram of a Dragone rout- 
er for use in a WAD site; and 

Fig. 7 shows how the techniques of the present in- 
vention may be utilized in an illustrative double 
WDM ring network. 
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Detailed Pescriptton - 

[0009] With reference to Fig 1 , there ts shown a sche- 
matic of an illustrative WDM ring network, e.g., a met- 
' rbpolitan area network, including three access nodes or 
sites (e.g.» Wavelength Add/Drop (WAD) sites.WADI- 
WAD3),101-lb3, interspersed by three optical fiber 
spans 104 - 106. Each node link, e.g., 101/104 - 
103/106. includes an access site, e.g..WADl - WAD3, 
and an optical fiber segrnent, e.g., 104 - 106. respective- 
ly. Each of the WAD1 - WADS sites, 101-1 03. is shown 
to include a WAD element, respectively, 107 - 109, and 
an optical amplifier, respectively, 111 - 113. Each of the 
WAD elements 107-109 are, illustrativety, shown to ir>- 
cliide fiber gratings and circulators. 
[0010] Illustratively, the opt icalannplitters 111 - 113 are 
Erbium-Doped Fiber Amplifiers (EDFAs) which provide 
optical gain to compensate for the loss in the prior cor- 
responding node link (defined herein as a node and an 
optica! fiber segment). Thus, for example amplifier 111 
would be arranged to compensate for the loss in optical 
fiber span 104, and the gratings, couplers and fiber con- 
nectors of its WAD element 107. In a typical installation 
each of the node links, e.g., 101/104 - 103/106 are ar- 
rancjed to have the gain of the amplifier cancel the loss 
of the fiber and WAD element in its link. As a result, when 
the node links 101/104 - 103/106 are serially connected 
end-to-end into a WDM ring network, if the gain spec- 
trum is flat, the overall fcop gain would be zero for any 
signal wavelength which traverses the WDM ring net- 
work. SirK;e in all WDM ring networks no signal wave- 
length traverses the entire ring network (otherwise the 
signal wavelength would exit at the sanie rKxJe from 
which it originated), providing a zero loop gain require- 
ment would appear to be sufficient to prevent tasing in 
the WDM ring network. We have recognized that while 
a zero loop gain provides stable operations at the signal 
wavelengths, it may noX prevent lasihg at Amplified 
Stirhufeted Emissions (ASE) wavelengths of a typk:al 
EbFA. Such lasing may severely degrade the pert omrv 
ance of the WDM ring networi^. 
[0011] With continued reference to Rg. 1 , in one par- 
ticular illustrative WDM network the three WAD sites, 
WAD1. WAD2. arid WAD3, are connected by three 
spans 104-106 of optical fibers of lengths ^-^ 5.94, 
~ 14:49, ar>d = 11.13 krt), respectively- With joint ref- 
erence to Fig. 1 and 2a, we also assume that sixteen 
WDM signal channels are propagated clockwise in the 
ring. Eight signal channels exist between WApl and 
WAD2, including 8 channels originating (201. of Fig. 2a) 
at location 121 of WAD1 and terminating (202 of Fig. 2a) 
at location 1 22 of WAD2 arid 8 channels originating (203 
of Fig; 2a) at kxiatioh 1 22 of WAD2 and lerminatinc| (204 
of Fig. 2a) at locatbn 121 of WAD1 . As shown each path 
in Fig. 2(a) represents 4 channels. Four channels exist 
between VyAD2 and WAD3. including 4 channels origi- 
nating (205 of Fig. 2a) at location 121 of WAD1 and ter- 
minating (206 of Fig. 2a) at location 123 of WAD3 and 



4 channels originating (207 of Fig. 2a) at location 1 23 of 
W/VD3 and tenninating (208 of Fig. 2a) at location 121 
of WAD1 . Four channels also exist between WAD2 and 
WAD3. including 4 channels originating (209 of Fig. 2a) 

5 at location 1 22 of WAD2 and temnihating (21 0 of Fig. 2a) 
at kx:ation 1 23 of WAD3 and 4 channels originating (?11 
of Fig. 2a) at location 1 23 of WAD3 and terniinating (212 
of Fig. 2a) at location 122 of WAD2. For illustrative pur- 
.poses, the three groups of channels were represented 

10 with 3 lasers at the wavelengths of X^ - 1552.4 urn, \ 
= 1554.0 urn. and =1556,1 urn, respectively. 
[0012] WithreferencetoFig. l.ateachWADsiteslOI 
- 103, all the received signal channels are amplified with 
an Erbium-!3oped Fiber /Vmplifiers (EDFA) 111 - 113, re- 
is spectively, before they either passed through or were 
dropped. In the following description the symbol X\ in- 
dicates a wavelength, where the subscript denotes the 
wavelength, e.g., b, and the superscript denotes wheth- 
er that wavelength has been added "a" or dropped "d". 

20 For example, at WAD1 two gratings 161 and 162 at the 
added wavelengths X\ , X% and two giratings 163 an6 
164 at the dropped wavelengths X^q » ^**b are inserted 
between the two circulators 151 and 152. The wave- 
lengths , X\ enter the input (I) port of circulator 152 

25 from kx;ation 121 and are reflected by the gratirigs 161 
arid 162, respectively, and exit the output port of circu- 
lator 1 52 to optical fiber span 1 04. 
[0013] In a similar manner, between the two circula- 
tors 153 and 1 54 of WAD2 are Inserted two gratings to 

30 add the wavelengths X\ , arid two gratings to drop 
the wavelengths X^^ • ^^c- Similarly, between the two cir- 
culators 1 55 and 1 56 of WAD3 are inserted two gratings 
are used to add the wavelengths X% , and two grat- 
ings are used to drop the wavelengths X**^ . X^^- 

35 [0014] In a typical WDM ring network, where each of 
the signal channels are at a different wavelength, there 
would be a separate grating for each of the different 
wavelengths being added and a separate grating for 
each of the different wavelengths being dropped. Thus 

40 for our example, WADl would have 12 gratEngs for the 
12 added wavelengths (8 from the group X% and 4 from 
the group X%) and 12 grating for the 12 dropped wave- 
lengths (8 frorn group and 4 from group X<*J. Simi- 
larly, the total at W/VD2 would also include 1 2 grating for 

45 the 1 2 added wavelengths {X\, X^^) and 1 2 grating for 
the 12 dropped wavelengths(X**a» ^^c)- *otal at 
W/VD3 would include 8 grating for the 8 added wave- 
lengths(X«c . X%} and 8 grating for the 8 dropped wave- 
lenglhs(X*^b, X%). However it should be noted, with ref- 

50 erence to WAD1, that if the same v^ravelength. 6:9.. X^, 
is to be dropped and then added at WADl (which Is typ- 
ical in an adcVdrop circuit), then one of the grating 162 
or 164 can be elimir^ted since orily one grating is need- 
ed at that dropped/added wavelength X3. 

55 [0015] The WAD elements may be implemented us- 
ing the type described in the article by C. Dragone, C. 
A. Edwards and R. C. Kisfier. "Integration Optics NXN 
Multiplexer on Silicon", IEEE Photonics Tech. Letters. 
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VOL 3. no. 10, pp.896-899, Oct 1 991, which is incorporat- 
ed by reference herein. The WAD elements may also 
be of the type described in US-A-5754521. 
[0016] Each of the WADi - WAD3 nodes may also in- 
clude a variable attenuator, e.g., 171 in WADI , which is 
* used to equalize the link loss to the link gain in each 
WAD link 101/104 - 103/106, to ensure that the input 
operating levels of each EDFA is the same. In an illus- 
trative example, the total input and outpul power for 
each EDFA, 111-113, was -4 and 1 5 dBm, respectively. 
The gain of each EDFA, and therefore the loss between 
two adjacent EDFAs, was 19 dB. The gain tilt of EDFA 
in the signal wavelength region was small at this oper- 
ating gain. A 10% coupler in WAD3, "Af , was used to 
monitor the optical power in the ring, and the wavelength 
\a was measured at the output port ^cr of WADI . In our 
example, if the added and dropped wavelengths are the 
same then only one grating may be used to both drop 
and add that wavelength, rather than using a separate 
drop grating and a separate add grating: 
[001 7] With reference to F ig. 4 there is shown a block 
diagram of a typical EDFA. The EDFA fiber 401 is sup- 
plied with a pump signal from optical pump 402. The 
power output of pump 402 is determined by the level of 
the bias current supplied from current source 403. A 
control signal controls the level of bias current from cur- 
rent source 403 and, hence, the gain in the EDFA fiber 
401. The EDFA's may be of the type described in the 
article by R G. Smart et al. entitled 'Two-stage erbium- 
doped fibre amplifiers suitable for use in k)ng-haul 
solrton systems^ published in ELECTRONICS LET- 
TERS, 6»h January 1994. Vol 30, No. 1, and incorporat- 
ed by reference herein. 

[0018] With reference to Fig. 5 there is shown an il- 
lustrative plot of gain versus input signal power for a typ- 
ical EDFA fiber of Fig. 4. As shown, the gain level and 
saturation level varies as a function of both signal power 
and pump bias current. At higher pump bias current Ib2 
both the gain and the saturatk>n power level is higher 
than at the tower bias current Ibl. 
[0019] To form the WDM ring network of Fig. 1 , at each 
of the WAD links, 101/1 04 - 1 03/106, the gain of the ED- 
FA at the signal wavelengths was set equal to, the toss 
of for each of the WAD link, before the ring was closed. 
When the ring structure was closed, lasing appeared* 
as illustrated by the optical signals monitored at port "AT, 
shown in Fig. 3(a). Such lasing occurs when one or more 
of the ASE wavelengths (e.g., 301 and 302) of an inac- 
tive portion of the transmisston bandwkith, which lies 
outside the reflection band of the fiber gratings. These 
ASE wavelengths traverse the entire WDN ring network 
and will lase if they experience a toop gain that barely 
exceeds the kx>p loss. Since the toop gain at the lasing 
wavelength is kxked at the loop loss level (shce lasing 
occurs when the net kx)p gain is 1, or OdB), the signal 
power at the output port 'CT, which measures wave- 
length X^, decreased by about 0.5 dB due to fact that 
the gain at the lasing wavelength is higher than that of 



the signal channel. 

[0020] The laser power can be reduced and eliminat- 
ed by increasing the cavity (i.e., loop) toss in the WDM 
ring network. In our example, the lasing threshokJ was 
5 reached when the attenuation was increased by about 
0.7 dB at each WAD site, and complete lasing suppres- 
sion was achieved when the attenuators were increased 
by 1.0 dB, as shown in Fig. 3(b). Since the EDFA's in 
the WAD sites were strongly saturated, the total output 
10 power was essentially constant and the signal power at 
monitor "AT increased by about 0.5 dB. However, the 
output power at the output port "CT, not shown, de- 
creased by about 1.6 dB due to a double pass through 
the attenuator 1 7 1 in WADI . 
^5 [0021] Since the WDM ring network of Fig. 1 was op- 
erating close to threshokJ, lasing could occur if the sat- 
uratton level decreased and therefore the gain of the 
EDFA's increased. This can be seen in Fig. 4, where the 
gain of an EDFA, at a fixed bias current Ib2, is shown to 
20 increase as the input power leyel is reduced frorri its 
more saturated level 401 to the less saturated level 402. 
The reduction in power can happen in practice when 
soriDe of the signal channels are dropped. Lasing can 
return when channel loading is changed in only part of 
25 the ring and all the signals in the ring are affected due 
to the cross-saturation of th© EDFA caused by laser 
power. In the worst case, the . signal power of some of 
the remaining channels can be reduced significantty and 
may reduce system power nriargins and cause false 
30 alarms in the system optical monitors: For example, as 
shown in Fig. 3(c), if the 8 channels of \^ added to WAD 1 
and dropped at WAD2 are discontintied, lasing started 
again. This is because the 8 channels no tonger pass 
through EDFAs 1 1 3 and 112, and ;consequently, do not 
3S cross-saturate them. As a result, with reference to Fig. 
4, the operating power levels of EDFAs 113 and 112 de- 
creases from their more saturated levels, e.g., 401, to a 
less saturated level, e.g.. 402. As shown in Fig. 4, the 
result of the reduced operating power levels from 401 
40 to 402. is that the gain of both EDFAs 113 and 112 in- 
creases. 

[0022] Since there is no change in the number of 
channel passing through EDFA 111 in WADI, fts power 
and hence gain would remain constant. If the increase 

45 in gain of both EDFAs 1 1 3 and 1 1 2 is enough to produce 
a net toop gain in the WDN ring network at the wave- 
lengths 301 and/or 302. lasing at those wavelengths re- 
sults. Note thai the power of the resulting lasing signal 
would then further saturate and, hence, reduce the gain 

so of an of the EDFAs 11 1 . 112. and 113 so as to return the 
loop gain to zero. Lasing however continues as tong as 
the net ioop gain is at least zero. 
[0023] For our particular example WDN ring network 
of Fig. 1. the output power at port "CT decreased by 0.8 

55 dB. If both channels to WADI are dropped, the output 
power decreased by 1 dB. While if both channels to 
WADI and WAD1 are k>s\, because of a fiber cut or be- 
cause of a network reconfigurat ton. the output power de- 
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creased by 1.7 dB, Depending on the design of the 
structure and operating cohdtlion of the WDM netvyork, 
these power variations may be tolerable. 
[0024] It should be noted that depending on the gain 
flatness of the EDFA's and their operation cohdftbn. las- 
ing may occur over a wide range of the- ASE band. By 
changing saturation conditions, lastngmay be observed 
at longer wavelength as compared to the sigrial wave- 
lengths and even in between signal channels 303 of Fig. 
3 (a). We have also determined that defgradation of sig- 
nal channels due to ASE tasing may be reduced by use 
of flat gain EDFA's and totally eliminated by increasing 
loop loss. 

[002S] In certain cases, the problerh can be so severe 
that the power of sorhe signal channels may be greatly 
reduced, which will cause significant eye closure, when 
channel loading in part of the ring is changed even 
though there is no fault in the ring. In the worst case^ the 
above problem can render transmissbn over the net- 
work useless. 

[0026] In arK)ther example, we modified the setup in 
Fig. 2 (a) to that shown in Fig. 2(b), so that 8 channels 
went from WAD1 to WAD2. 8 channels went from WAD1 
to WAD3, 8 channels went from WAD3 to WAD2, and 
only 2 channels (shown by the dotted line) went from 
WAD2 to WAD1. The 2 channels at from WAD2 to 
WADI also used the designed gain of 1 9 dB. When the 
wavelength input to WAD1 was cut, the power at port 
"(T decreased by 2.9 dB. If all inputs to WADI are 
cut, the power decreases by 5 dB; while if all inputs to 
WADt and WAD3 are cut. the power decreases by 6.2 
dB. This will cause reduced system power margins and 
cause false alarms in the system optical nK)nitors and 
hence would require the allocation of a great deal of ad- 
ditional system margin! 

[0027] It should be noted that the power variation 
caused by lasing saturatkxi is not limited to WAD sites 
using gratings. Gfosed paths can also be formed in cer- 
tain WDM ring network architectures that utilize demux/ 
mux WAD. Shown in Fig. 6 is an illustrative demux/mux 
WAD implemented using a well known Dragone 
Waveguide Grating Router. Such a WGR is described 
in the previously-referenced article by C. Dragone et aL 
enables the routing of signal channels according to. their 
wavelength. 

[0028] As shown in Fig. 6 a WAD TKXfe (e.g.. WADI) 
may be implemented using a WGR 107 including a de- 
multiplexer WGR unit 601, waveguide interfaces 602 
and 603, and a multiplexer WGR 604. The function of 
the switch unit 605 will be described in a later paragraph. 
[0029] The demultipliBxer WGR unit 601 is used to 
separate the various wavelength signal channels re- 
ceived over a optical fiber (e.g., span 105). The channel 
outputs of WGR unit 601 connect to interface 602. Fig. 
6 illustrates how the WGR 107may be used to add and 
drop wavelengths in our Fig. 2 example. As shown 4 
wavelength paths enters WGR 107 with 3 wavelength 
paths being dropped 606 and 3 wavelength paths being 



added. Again, as before, each line represents 4 chan- 
nels. Of the 4 output wavelength paths from switch in- 
terface 605. 3 wavelength paths 606 are dropped and 
wavelength paths 608 is connected through to interface 
s 603 along with the added 3 wavelength paths 607. The 
output of interface 603 connects to multiplexer WGR 
604 which combines the signal channels for transmis- 
sion over span 104. 

[0030] It should be noted that while the selectivity of 
10 demultiplexer WGR unit 601 and the multiplexer WGR 
604 are relatively narrowband devices, it is still possible 
tor lasing to occur in a WDM ring network formed of such 
WGR rKxJes. In accordance with the present invention, 
to protect against lasing the wavelength path, e.g., 608, 
15 is opened thereby preventing a continuous loop in the 
WDM ring network from being fomned at that wave- 
length. As shown, switch unit 605 includes a one or more 
switch networks, for sv/itchabty connecting/disconnect- 
ing inactive wavelength channels in the WDM ring nel- 
20 work. The switch unit 605 operates in response to a con- 
trol signal 609 generated by a local control unit 610 
which senses when wavelengths have been added or 
deleted from the WAD node 107. Control unit 610 in- 
cludes node link control algorithms which use wave- 
rs length allocation in the network to control the wave- 
length switching in interface 605. Such link control is de- 
scribed in the article by J. Zyskind et al, "Fast Link Con- 
trol Protection for Surviving Channels in. Multrwave- 
length Optical Networks', Proc. ECOC 96, Vol. 5. page 
30 49, which is incorporated by reference herein. 

[0031] With reference to Fig. 1 . another technique for 
protecting against lasing in WDM ring networks is de- 
scribed. A protection mear^ rnay be included in the 
WDM ring networt^ to change the optical transmisskxi 
35 characteristics of a selected portbn erf the operating 
wavelength bandwidth of the WDM ring network. When 
the WDM network includes WAD node elements that uti- 
lize fiber gratings and circulators, notch filters 181 may 
be used as the protection means. With reference to Rg 
40 3(a), the stop bands of the notch filters 181 ' Would bkxk 
the ASE between the reflection band of add/drop grat- 
ings, i.e., bands 310 -313. The loss of the notch filters 
181 ensure that the loop gain at all the frequencies in 
bands 31 0 - 31 3 is substantially less than 0 dB. Note the 
45 notch filters 181 can also include a notch filter for each 
of the signal channels 303 to protect against tasing at 
those wavelengths, when they are not in use Addition- 
ally, it should be noted that notch fillers 181 may be 
made selective under control of control signal 182. so 
that particular notch filters may be switched into the net- 
work by a kxal controller which senses when wave- 
lengths have been added or deleted from the WAD 
rK)de. 

[0032] Another technique for suppressing lasing m a 
55 WDM ring network is toc<xitrolthe gain of all the EDFA's 
in the ring during change in chanriel k>ading. so that 
round trip (loop) gain is always less than the loop loss. 
Che technique for controlling the gain of an EDFA 
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shown in Fig. 4, where a control signal from a controller, 
not shown, signals when the gain should be changed in 
response to wavelengths which have been added or de- 
leted from its WAD node. Such a technique is described 
in the article by A. Srivastaya at al, "Fast Pump Control s 
in an E rbium Doped Fiber Amplifier" post deadline paper 
PDP4, OAA'97, and incorporated by reference herein. 
[0033] Fig. 7 shows how the techniques of the present 
invention may be utilized in an illustrative double WDM 
ring network. As shown the double WDM ring network io 
includes rings 701 and 702 including WAD sites 711 - 
715. It shoukJ also be noted that one or more of the WAD 
sites 711 - 715 may be well-known optical cross-con- 
nects which enable wavelengths to be routed to and/or 
from other optica! networks. In the same manner as pre- ys 
viously described, the WAD sites 711 - 715 incorporate 
protection means to prevent lasing in the rings 701 and 
702 when any signal wavelengths are added or dropped 
at any of the WAD sites 711 - 715. In the event that a 
break or cut. e.g.. 751 and 752, occurs in the fiber of 
ring 701 and 702. well known patch networks 721 - 724 
can be automatically switched-in to form new WDM ring 
networks loops 731 and 732. In accordance with the 
present invention, the protection means located at WAD 
sites 711-715 may be controllable so as to be automat- 2S 
ically switched in or out of the new WDM ring networks 
loops 731 and 732 to prevent lasing in the new WDM 
ring networks. 

[0034] Addrlk>nally as previously described, and in ac- 
cordance with the present invention, the gain of the ED- 30 
FA fiber may also be changed to ensure that no lasing 
in the new WDM ring networks. This may be accom- 
plished using pump control, as discussed in the previ- 
ously-referenced article by A. Srivastava et al. and using 
link control, as described in the previously-referenced 35 
article by J. Zyskind et al. 

[0035] What has been described is merely illustrative 
of the application of the principles of the present inven- 
tion. Other arrangements and methods can be imple- 
mented by those skilled in the art without departing from 40 
the spirit and scope of the present invention. 



Claims 

45 

1 . A Wavelength Division Multiplexed (WDM) ring net- 
work comprising 

a plurality of serially connected node links, 
each node link including a segment of optk^al ^ 
fiber and an access node site for adding or 
dropping one or more active wavelength chan- 
nels to a transmission bandwidth of the net- 
work. 

ss 

protection means, connected to the network, 
for changing the optical transmission charac- 
teristics of the network to ensure that the net- 



work loop gain at any wavelength does not ex- 
ceed the network loop loss. 

2. The WDM ring network of claim 1 wherein the pro- 
tection means affects light in an unused portion of 
the transmisskjn bandwkJth to ensure that the net- 
work loop gain for that unused portkxi is less than 
the network loop k>ss. 

3. The WDM ring network of claim 1 wherein the pro- 
tection means includes gain control to manage the 
network loop gain at one or more wavelengths. 

4. The WDM ring network of claim 1 wherein the pro- 
tectbn means utilizes access node control algo- 
rithms to control the network loop gain at one or 
more wavelengths. 

5. The WDM ring network of claim 2 wherein the un- 
used portion of the transmission bandwidth in- 
cludes one or nrxjre unused wavelength channels 
which are not in use by the network. 

6. The WDM ring network of claim 1 wherein the pro- 
tection means prevents lasing at Amplified Sponta- 
neous Emissions (ASE) lasing in the unused portion 
of the transmission bandwidth. 

7. The WDM ring network of claim 1 wherein at least 
one of the plurality of connected node means in- 
cludes one or more optical circuits selected from a 
group including at least an Add/Drop circuit and a 
cross-connect circuit. 

8. The WDM ring network of claim 1 wherein at least 
one of the plurality of connected node means in- 
cludes means for routing wavelength channels ac- 
cording to their wavelength. 

9. The WDM ring network of claim 8 wherein the pro- 
lectbn means includes one or more switch ele- 
ments, each switch element for controlling the con- 
nection of an unused wavelength channel of the 
routing means. 

10. The WDM ring network of claim 9 wherein the one 
or more switch elements are responsive to control 
signals for controlling the swrtchable connections. 

11. The WDM ringnetwork of claim 1 wherein the pro- 
tection means includes one or more notch filters. 

12. The WDM ring network of claim 11 wherein each of 
the one or more notch filters reduces the optk^l 
transmission of a part of the unused portion of the 
transmission bandwidth. 

13. The WDM ring network of claim 1 wherein each 
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node link includes its own protection nneans. 

14. A method of stabilizing optical transmission in a 
Wavelength Division Multiplex (WDM) ring network 
comprising the steps of s 

adding or dropping one or more active wave-' 
length channels to a transmission bandwidth of 
the network, and 

10 

changing, in response to the adding or dropping 
step, an optical transmission characteristics of 
the network to ensure that the network kx)p 
gain at any wavelength is always less than the 
network loop loss. 1S 

15. The method of claim 14 wherein the changing step 
changes the optical transmission of an unused por- 
tion of Ihe transmission bandwidth of the networte > 

20 

16. The method of claim 15 wherein the changirig step 
reduces the optical transmission of an unused por- 
tion of the transmission bandwidth when one or 
more active wavelength channels are dropped . 



30 



35 



40 



SO 



55 



7 



EP 0 903 882 A2 



FIG. 1 
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FIG. 3A 
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FIG. 3C 
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